The three economically important genera of African Proteaceae provide the background to discussing the phases marked by the extent of control over the genetic material. Six phases in the domestication process are outlined: wild harvesting, basic domestication, clonal selection, interspecific hybridization, complete domestication and control of single genes. Each of these phases are discussed, briefly outlining the plant material use, the levels of control over the genetic quality of the material, the supporting research required to fully exploit the opportunities within each phase and the advantages and limitations.
Introduction
Growers often breed ornamental plants, sometimes purely by picking out chance variants, in other cases by systematically breeding for specific traits of interest. Breeding ornamentals is in principle not different from breeding any other crop, but the breeding goals usually vary from edible crops, as characters like flower colour, shape, scent are important for their ornamental value. Many ornamentals are 'new' introductions, with a short breeding history, and novelty is an important consideration in selection of ornamental crops (Halevy, 2000) . The Proteaceae of Southern Africa provide an interesting floriculture product to use to review the challenges that arise from developing an undomesticated plant into an economically viable, cultivated fresh cut flower.
The Proteaceae are a family of woody plants, varying from sprawling shrubs to large trees (Rebelo, 1995) . The layman's term, protea, is used to refer to the plant family, encompassing not only different species, but different genera of plants. Seven African genera of the Proteaceae, a family spread over Africa, Australasia and South America, are used as fresh cut flowers, namely, Protea, Leucospermum, Leucadendron, Serruria, Mimetes, Aulax and Paranomus. Of these, Protea, Leucospermum and Leucadendron have been subjected to systematic breeding and will be used for discussion in this review. These three genera are diploid, with no indications of differences in chromosome numbers between species, although Protea and Leucospermum have a haploid number of 12 chromosomes and Leucadendron 13 (De Vos, 1943) .
The Proteaceae used as commercial cut flowers are endemic to the Cape Floral Kingdom (CFK), an area of 90 000 km 2 at the southernmost tip of Africa (Bond and Goldblatt, 1984) . The term fynbos is used to describe the vegetation of the CFK, although in botanical terms there are other vegetation types within the CFK. The cycle of regeneration, reproduction and senescence within the fynbos is driven by fire (Cowling and Richardson, 1995) , and fire has assisted in the evolutionary development of many of the reproductive strategies of fynbos plants (Bond 1984 (Bond , 1985 . The Proteaceae generally grow in nutrient poor, sandy, acidic soils derived from Table Mountain sandstone, although in Protea, Leucadendron and Leucospermum there are species endemic to 26 limestone derived outcrops (Rebelo 1995) . The root system of the shrub species can penetrate to a depth of 3m, but 60% to 70 % of the root mass is found in the upper 100 mm of the soil (Higgins et al., 1987) . Adaptation to nutrient poor, acidic soil greatly influences the suitability for cultivation in a range of soil types. The commercially used plants bear large, showy terminal inflorescences that are harvested as cut flowers, removing not only the inflorescence, but also leaf biomass. The sheer sizes of many of the inflorescences, such as the well-known King protea (Protea cynaroides) identify the Proteaceae as unique floriculture products (Vogts, 1971) .
Proteaceae are a field grown, perennial crop with either annual or biennial cropping schedules. World trade in the three most widely used genera within the African Proteaceae is estimated at 100 million stems annually, with the greatest volume (~ 25 million stems) derived from a single Leucadendron cultivar, 'Safari Sunset'. Countries cultivating and exporting African Proteaceae include South Africa, Zimbabwe, Australia, New Zealand, El Salvador, USA, Portugal, Spain and Israel. The climates within production regions range from Mediterranean to sub-tropical with varying rainfall patterns.
The development of the trade in African Proteaceae worldwide has closely paralleled the type and depth of research information available as well as the control exercised over the genetic quality of the plant material. Brits et al., (1983) sketched three phases of the development process from wild plant to commercially cultivated product, each phase coinciding with the level of control over the genetic quality of the plant material. These phases are not necessarily separate but overlap or function concurrently. Some species/genera within the plant family remain in one phase while others move on to the next. The phases and the control exerted over the genetic quality of the plant material are discussed, with the addition of three further phases of development. The phases are discussed by presenting a short overview of the phase, the control exerted by man over the genetic quality of the plant material, the knowledge base that must be generated to fully exploit the plant material and the advantages and limitations of each phase of development.
Phase 1: Use from the wild
The collection of wild blooms for local sale was in existence in the Cape area in the 1920's. Export of fresh cut flowers of the Proteaceae to Europe began in the 1960's, stimulated by the growing wealth of the Europeans and cheap airfreight. The protea industry in South Africa developed as a collaborating network of wild harvesters and exporters, whereby harvesters supplied exporters with products from different regions of the CFK so that a consistent assortment of fresh flowers could be exported to the European market (Coetzee and Littlejohn, 1995) . This network still functions today, although the number of species that are harvested and the number of harvesters involved have decreased (Wessels et al., 1996) . It is necessary for all traders in indigenous flora to have a permit from the nature conservation authorities.
In this phase there is no control of the genetic quality of the plant material. Many different species were originally utilized so that a consistent supply of products could be exported (Coetzee and Middelmann, 1997) . The flowering times of the same species growing in different localities was observed to differ, leading to the opportunity to extend the marketing period of a species by exploiting the natural variation in flowering time. Initially many different species were tried so that a consistent volume of flowers could be exported. This enabled the fledgling industry to learn which species were most acceptable to the market and during what time of the year. Taxonomic studies were the research focus (Williams, 1972; Rourke, 1972 Rourke, , 1980 which assisted in categorizing the genera and species with economic potential (Vogts, 1958) .
The advantages of harvesting from the wild are based on the cost efficiency. The wild plants require no maintenance, are available and with cheap labour, are cheap to harvest and prepare for export. The disadvantages of wild harvesting are many though.
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There is inconsistent supply of flowers to the market, especially from a wild habitat that requires fire for rejuvenation. The ever-present danger is to over harvest from the wild, reducing the effective seed stores required to re-establish after a fire. Harvesting can theoretically erode the genetic base of the plant population, although specific studies have not been done in Proteaceae. There is always a fixed upper limit on the quantity of flowers that can be harvested and exported, therefore the market cannot grow. The aesthetic quality of the flowers harvested is seldom equivalent to that of cultivated blooms.
Phase 2: Basic domestication
From the 1950's to the 1970's, Vogts identified both species and "horticultural variants" within species that could deliver the desired quality of floriculture product to the market (Vogts, 1958 (Vogts, , 1971 . Cultivation of the "horticultural variants" within many species established that there was a genetic basis to the differences between populations selected from different localities. Mass selection was carried out for two to five generations within the "horticultural variants" to produce relatively true breeding seed populations. Farmers subsequently continued mass selection when harvesting seed from their plantations, albeit in many cases inadvertently. The cycles of mass selection resulted in seed propagated populations that produced plants that were relatively similar in appearance as well as more adapted to conditions provided in cultivation . The selection of the "horticultural variants" stimulated the establishment of largescale cultivation of Proteaceae for cut flower production in other continents and areas other than the CFK in Southern Africa.
The establishment of the wild plant material in cultivation immediately imposed artificial selection for characters of ornamental value, especially flower colour and size. Inadvertent selection resulted from harvesting seed from healthy plants with little insect damage, or from vigorous plants. Initially plantations were established on nutrient poor, sandy, acidic soils, without supplementary irrigation, conditions very similar to their natural habitat. It is still common practice to extensively cultivate Leucadendron species by sowing seed into mown natural fynbos, thereby establishing a dense population of the desired species under natural conditions. Species that are rare or endangered in their natural habitat, such as Leucadendron platyspermum, are cultivated in this manner. Cultivation in areas with more nutrient rich soils with lower sand content imposes artificial selection for tolerance of higher soil nutrient content. Farmers and researchers also began experimenting with fertilization, adding impetus to selection for adaptability to higher nutrient status. The level of control over the genetic quality remains low when mass selection is applied, as the long generation gap of five to seven years limits the number of cycles of mass selection that can be achieved, especially where the intention is to influence quantitative traits.
The major limitation for establishing proteas in seed based plantations was efficient methods to germinate seed of a broad spectrum of species (Vogts, 1958; Van Staden, 1966) . The commercially utilized Proteaceae species can be roughly divided into species that store seed (achenes) in ripe infrutescences on the plant, and species where the seed is released and subsequently stored in the soil (Rebelo and Rourke, 1986) . The genera Protea, and Leucadendron section Alatosperma fall in the first category, while Leucadendron section Leucadendron, and Leucospermum fall in the latter category. The species that store their seed on the plant are referred to as serotinous (Bond, 1985) . Seed release occurs with death of the plant/ branch bearing the infrutescence, such as occurs after a fire. Once released, the seed is stimulated to germinate by imbibition of water and cool temperatures (Van Staden, 1978) . The seed that is stored in the soil is shed by the plant two to three months after anthesis. The seed is attractive to indigenous ants that bury the seed. The conditions that occur during and after a fire, i.e., scarification, oxygenation, followed by widely differing day-night temperatures stimulate germination if moisture is present (Brits, 1990) . 28 Coupled with seed biology, investigations into the breeding behavior of Proteaceae revealed interesting differences (Collins and Rebelo, 1992) . In Leucadendron, all the species are dioecious and therefore obligate outcrossers. The predominant pollinators are insects, but some species are wind pollinated. In Protea and Leucospermum the predominant pollinators are birds, although there are indications that insects are pollen vectors in some Protea species (Wright, 1994; Wright et al., 1991) . Initial attempts to self-pollinate in a controlled manner delivered no seed and it was concluded that out-crossing is obligatory in all genera (Horn, 1962) . Studies in the early 1990's revealed high levels of self compatibility in P. repens species (Van der Walt and Littlejohn, 1996a) , and this may be true of other Protea spp., especially those that exhibit low levels of variation (McGregor et al., 2001) .
The major advantage of cultivating the plants from seed is the opportunity to cultivate both within and outside the natural habitat and to gain control over the growth and protection of the plants in a plantation. However, this is offset by much higher costs in establishing and maintaining a plantation. Use of chemicals to curb disease and insect infestation, a practice not possible in wild populations, enables the production of aesthetically high quality blooms. This advantage is especially important when cultivating within the natural habitat, as the disease and insect pressure is very high. The genetic improvement gained through the cycles of mass selection is however relatively small and the flowers sold differ little from those that are wild harvested. In seedling populations genetic variation for aesthetic qualities, such as flower colour are observed in many species, e.g. P. magnifica and P. neriifolia. Therefore the flowers harvested are of many colours and are either packaged for sale as mixed colours, or have to be hand sorted into colour categories before packaging. Particularly in P. magnifica the deep red and white coloured flowers are separated as they are more valued than the pink flowers. In many other species little variation in flower appearance is observed in seed populations, but differences in the growth habit and vigour of the plant are observed.
Phase 3: Clonal selection
A clone is selected for unique traits that add value above the use of seedling material, i.e. a unique colour variant, exceptional vigor or suitable flowering time (Brits, 1983) . The clone has a fixed genotype that is maintained during the vegetative propagation. Clones provide the opportunity to obtain selections that comply with the definition of internationally recognized cultivars, i.e., uniformity, reproducibility and uniqueness.
Clonal selection of single plants results in the genetic fixing of genotypes that deliver flowers of commercial value. This method of propagation is widely used in ornamental plants (Hvosle-Eide and Vik, 2000) . Investigation into the use of clonal selections of Proteaceae preceded the large scale development of both harvesting and seed plantations in South Africa (Brits, 1984) , but difficulties in achieving consistent rooting of vegetative cuttings limited their use (Vogts, 1989) . Although clonal selections were quickly established in New Zealand, Australia and USA from the early 1970's, in South Africa clonal selections released under registered cultivar names only became widely used in the industry in the 1990's (Coetzee and Littlejohn, 1995) . Rossouw (1967) published the first information on commercial scale rooting of Proteaceae cuttings in South Africa. In general, a well aerated medium is stuck with a semi-hardwood cutting pre-dipped in indole butyric acid at 1000 to 4000 ppm and kept in a mist moistened heated rooting bed (20° -24° C) for two to six months (Malan, 1992) . There are discernable genetic differences between species as well as within species between genotypes for their ability to root (Brits, 1986) . Initially the rootability of a clonal selection was an important consideration in its selection for release as a cultivar (Brits, 1983) , but improvement in both the quality of the cutting taken from the mother bush and the environmental control in the mist bed have reduced the necessity of selecting specifically for good rootability.
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World-wide interest in tissue culture in the 1980's stimulated a spate of investigations into tissue culture propagation of a broad spectrum of Proteaceae (Van Staden et al., 1981; Rugge. 1995; Rugge et al., 1989) , but none resulted in a commercially viable techniques. The major problems encountered, aside from genotypic variation, are excessive phenol production in vitro causing tissue browning, endophytic fungi contamination and inability to establish commercially viable quantities of rooted or unrooted shoots from in vitro conditions to in vivo conditions (Malan, 1992) .
The advantages of clonal selection are to deliver a uniform product, usually with a higher yield per unit area of production, thereby giving the grower more control of the product . Leaf blackening of Protea is a common problem without either a full understanding of the chemistry, or the control thereof (Jones et al., 1995) . Genetic differences in the susceptibility to leaf blackening have been observed in P. neriifolia (McConchie and Lang, 1993) . Clonal selections provided cultivars with reduced susceptibility to leaf blackening (Harre, 1995) . Clonal selection can also provide selections with reduced susceptibility to diseases, however none have been documented in the Proteaceae. However, the clonal selection still competes directly with the seed produced flowers and even with harvested flowers, in that it has the same basic shape, growth habit and other traits. The additional cost of establishing a plantation of vegetatively propagated plants may often not justify their use. Clonal selections of Leucospermum have been used extensively, but suffer from poor adaptability to soil and growing conditions that differ from those where the original species grows (Malan pers. comm.) . This limits the expansion of cultivation of clonal selections. Another limitation is the reduction in period of flowering of the clonal selection. Seed populations generally exhibit a long flowering time due to the inherent genetic variation within the population, enabling delivery of blooms to the market over a long time span. A clonal selection usually flowers within two to three weeks (pers. obs.). Rourke (1980) observed a large number of aberrant plants within wild P. longifolia populations, identified as chance hybrids with other species growing in the vicinity. Farmers and researchers cultivating different species at the same locality also observed a low percentage of aberrant plants among seedlings derived from seed harvested from cultivated plants (Brits, 1991) . These were also chance hybrids between species. Many of these interspecific hybrids grow vigorously and produced unique blooms unlike either of the parental species. Vegetative propagation of the unique interspecific hybrid plants results in a genetically uniform clone. These interspecific hybrid clonal selections are eligible for registration as cultivars with plant breeder's rights as they are unique, stable and reproducible. Many cultivar names of such selections have been registered in the 'International Protea Register' (Sadie, 2000) .
Phase 4: Interspecific hybridization
The discovery of the interspecific hybrids provided the stimulus for the initiation of a breeding program focussing on the development of interspecific hybrids of the African Proteaceae as cultivars for cut flower production Coetzee and Littlejohn 2001) . The use of vegetative propagation was fundamental to the development of interspecific hybrids as cultivars. However, the breeding program required very different information. Information on natural pollen transfer, seed set and seed germination was useful, but how did this relate to the ability of species to hybridize? Studies were undertaken in Leucospermum in the early 1980's (Brits, 1991) . The predominant species used within this genus were the large flowered (7 to 12 cm diameter inflorescence) L. cordifolium, L. lineare, L. pattersonii, L. cuneiforme, L. conocarpodendron, L. reflexum, L. tottum and L. glabrum . These species proved to hybridize easily with one another, giving an average seed set rate of approximately 6%. Currently the average seed set from interspecific hybridization and complex hybridization gives an average seed set of 10% . The information generated to enable efficient hybridization of the species included investigation of the 30 stigma, style and ovule structure, the pollen viability and longevity, the most suitable pollination method to manipulate an essentially woody inflorescence and obtain maximum seed set for minimum effort (Brits, 1991) . The style is woody, with a microscopically small stigmatic groove at the tip enclosing the stigma. Pollen deposited close to the stigmatic groove can germinate and penetrate, growing down the stylar canal that runs the length of the style. A single seed develops after pollination. Anthers dehisce before flower opening and deposit the pollen on the pollen presenter lying very close to the stigmatic groove on the tip of the style. This necessitates the removal of the selfpollen during controlled pollination as inadvertent self-pollination could occur with handling of the flower. Indeed, many Leucospermum are partially or fully selfcompatible, but require a pollen vector to transfer the pollen from pollen presenter to the stigmatic groove . The flowering period of Leucospermum is confined to four months of the year (Spring), therefore only short term pollen storage (~one month) has been investigated (Brits, 1991) . The use of an efficient seed germination technique is critical to fully exploit the breeding effort (Brits, 1983 ; Malan, 1992) . While it has often been stated that hybrid vigor is exhibited by the interspecific hybrids (Brits, 1983) , this is not a given. The hybrids selected as cultivars are generally the most vigorous of the seedlings obtained from interspecific hybridization, and are selected from cultivated fields, usually fertilized and irrigated. The majority of interspecific hybrids in Leucospermum are grown in a wide range of climatic conditions, from the Mediterranean climate in the Cape Floral Kingdom or California, to the subtropical climate of Zimbabwe or Hawaii and are more widely adapted than the parental species.
Protea interspecific hybridization has proved far more recalcitrant than Leucospermum. The predominant species on which hybridization is focussed included P. magnifica, P. neriifolia, P. repens, P. compacta, P. susannae, P, eximia, P. cynaroides, P. repens and P. aristata. While P. longifolia is known to hybridize easily in the wild, it is not widely used in breeding due to its poor plant structure, large leaves and generally inferior flowers. Initial attempts to obtain interspecific seed by controlled hand pollination using the same method as that used for Leucospermum provided few viable seeds (Brits, 1992) . Intraspecific hybridization within P. repens and P. cynaroides however gave good seed set. Studies of the florets have indicated that the pistil consists of an ovary containing a single ovule, a long, woody style and a small stigmatic region at the tip of the style enclosing the stigmatic groove. The distal portion of the style is specialized to form the pollen presenter, the external morphology of which varies between species (Rourke 1980) . The pollen presenter is distinctly separate from the stigmatic groove in Protea, therefore removal of self-pollen is not done during controlled hand pollination. Pollen deposited close to the stigmatic groove germinates and between one and three pollen tubes grows down the distinct stylar canal (Van der Walt and Littlejohn, 1996a, b) . After flowering the fertilized ovules develop into seeds, densely pubescent with long straight hairs, brown, rust-colored, black, or white (Rourke, 1980) . The viable seeds tend to be found in distinct groups, or clusters within the inflorescence, which may be a mechanism to reduce insect predation (Mustart et al., 1995) . It appears that the plant actively controls the clustering, but the mechanism of control is unknown.
The flowers of Protea are protandrous, with the anthers dehiscing prior to the flower opening Littlejohn 1996b, Vogts 1971) . The anthers deposit their pollen on the pollen presenter. It is generally accepted that the Protea with large conspicuous inflorescences are bird pollinated (Collins and Rebelo, 1992) , but species differ in dependency on birds as pollinators. Inflorescences of P. nitida, P. cynaroides and P. repens bagged to exclude bird pollinators, but not insects, set seed at the same rate as unbagged inflorescences (Coetzee and Giliomee, 1985; Wright, 1994) . In P. neriifolia, P. magnifica and P. laurifolia the bagged inflorescences set significantly fewer achenes. It is suggested that insect vectors result largely in self-pollination, as the seed mass and germination rates of insect vector derived seed is less than for bird vector derived seed. Anecdotal evidence suggests that many Protea clones do produce self-seed (Rodriguez-Perez pers. comm.). At anthesis the stigmatic groove has not yet become receptive to pollen (Van der Walt and Littlejohn, 1996b) . In P. repens and P. eximia the stigmatic groove was open at its widest between three and six days after anthesis (Van der Walt and Littlejohn 1996b). The number of pollen tubes per style and the seed set recorded from controlled pollination indicated that peak receptivity of the stigma was between two and six days after anthesis. Investigation of other Protea species has indicated that the time from anthesis to maximum stigmatic groove width differs between species ).
The genus Protea has an inherently low seed set, between 1% to 30% under natural pollination conditions (Rebelo and Rourke 1986; Esler et al. 1989) . Reasons cited for low seed set range from direct plant control of seed set numbers, pollinator limitation, insect and mammal predation, and poor nutrition. The percentage of flowers per inflorescence with pollen tubes, the percentage of ovules penetrated by a pollen tube and the seed set in P. repens and P. eximia are highly correlated, indicating that entry of a viable pollen into the stylar canal generally results in a viable seed. In P. repens the seed set from controlled self-pollination, open-pollination, and pollination between different clones of P. repens resulted in the same high seed set percentages of between 40% and 74% ( Van der Walt and Littlejohn, 1996b) , while the seed set of P. eximia did not exceed 10%. This is contrary to the general acceptance that all Protea are obligatory crosspollinators (Horn, 1962) and supports the observation that achenes resulting from insect pollination are likely to be from self-pollen (Wright, 1994) . Out-crossing either P. repens or P. eximia with other species reduced the seed set to less than 1 % (Van der Walt and Littlejohn, 1996b) . Foreign pollen germinates well on the stigma, but pollen tube growth is aborted in the upper portion of the style. Attempts to use either hormonal treatments, cut styles or style grafting to overcome the problem have been ineffective (pers. obs).
The flowering time of different Protea species varies considerably (Rebelo 1995) . Flowering time plays an important role in the marketability of Protea flowers, as in the Northern Hemisphere they are sold as autumn and winter flowers. Due to the opposite seasons, the autumn and winter flowering species that are predominant in Africa produce flowers at a less suitable time for marketing. The development of interspecific hybrid cultivars with suitable flowering times necessitates the use of stored pollen . Investigations into pollen storage revealed that dried pollen stores well at -15° C to -196° C, but loses viability at higher temperatures (Van der Walt & Littlejohn 1996c).
The two major problems to contend with when breeding interspecific Protea hybrids are inherently low seed set and incongruency (incompatibility) between species. Post fertilization incongruency during seed development does not appear to be a problem, although interspecific hybrids with P. cynaroides are all pollen sterile and have not produced seed in any cross combination (Van der Walt and Littlejohn, 1996b) . Currently, two methods are employed to overcome these barriers ). The first is to use taxonomically related species in diallel crosses to determine what species and natural interspecific hybrids will produce seed when crossed. The two groups focussed on are the bearded proteas, including P. magnifica, P. neriifolia, P. grandiceps and the spoon-bract proteas including P. susannae, P. eximia and P. compacta. Seed set has been increased within both diallels, but with greater success among the bearded protea. The second focus has been on investigating controlled pollination methods imitating the natural pollination patterns, i.e., clustering of pollinated flowers and multiple applications of pollen. These two actions have increased the seed set across a broad spectrum of crosses from less than 1% to more than 6%.
Leucadendron interspecific hybrids were initially developed in New Zealand in the early 1960's (Matthews and Carter, 1983) , from which the immensely popular cultivar 'Safari Sunset' resulted. No further records of interspecific hybridization exist until the initiation of Leucadendron breeding in the 1980's in South Africa. The floral structure of Leucadendron is similar to Protea, except that male and female inflorescences occur on separate plants. The pistil is reduced in size and almost enclosed by the floral bracts forming a woody cone-like inflorescence in the female plants. The floral bracts are much 32 reduced in the male plants. Pollen is dehisced onto the pollen presenter, as in Protea and Leucospermum. Insects are the main pollen vectors, although 12 species are wind pollinated. Initially hybridization focussed on a very narrow spectrum of species within a single group of related species (Van den Berg and Brits, 1995) and delivered excellent seed set. The genus generally has high seed set rates averaging 70% (Rebelo and Rourke, 1986) , and the interspecific cross seed set rates were similar. However, expansion of the hybridization attempts to include a broader spectrum of species that are less closely related resulted in very low seed set rates ). The external structure of the stigma differs from Protea and Leucospermum. A large area of the abaxial surface of the tip of the style is covered in stigmatic cells that become covered in exudate from two to eight days after flower opening. There is no stigmatic groove and preliminary studies revealed that multiple pollen tubes grow down through the stylar tissue as there is no stylar canal.
A single seed develops from each flower and may be of two types depending on the species. Section Alatosperma produce winged seed that germinates easily at moist, cool temperatures. Section Leucadendron produce nut-like seed similar to Leucospermum that require the same stimuli for efficient germination. Hybridization between species within Alatosperma and Leucadendron either produce no seed, or shriveled seed. Preliminary studies point to both pre-and post-fertilization barriers to interspecific hybridization in Leucadendron. Embryo rescue may useful in overcoming the postfertilization barriers.
One of the aims of interspecific hybridization in Leucadendron is to develop a broader spectrum of colours and types flowering over a long period of time. Investigations of pollen viability indicated that the wind pollinated species produce pollen that germinates well in vitro and retains viability when dried and kept below 0° C ). The insect pollinated species however produce pollen that germinates inconsistently in vitro and is therefore difficult to assess the viability. Florescent staining indicates good retention of viability after storage (Sedgley et al., 2001) , however inconsistent seed set is obtained with stored pollen.
The advantage of interspecific hybrids is that new, unique plant types are generated providing the 'novelty' factor highly prized in ornamental plants. Within Leucospermum, where interspecific hybridization is relatively easy, selected clones are used as parents, giving good control over the genetic quality of the interspecific hybrid progeny. Some parental specie combinations result in exceptionally vigorous plants, such as the cultivar 'High Gold' (Blomerus et al., 1999) . In Protea many interspecific hybrids are registered as cultivars, many protected by breeder's rights (Sadie, 2000) , but there are limitations to their extensive exploitation as export cut flowers in South Africa. Many are poorly adaptable to varying soil types, they lack vigor, produce short stems and the flowers are produced in the incorrect season for marketing to Europe. These hybrids are random events, with little control over the parental genetic input, although they are generally easier to cultivate than many of the wild species. It is hoped that a greater understanding of the stimuli initiating flower development in Protea (Gerber, 2000) , coupled with the use of selected parental clones will provide more suitable interspecific hybrids . Leucadendron cv. 'Safari Sunset' is the most widely cultivated of all Proteaceae, and currently provides a benchmark in terms of adaptability that few other interspecific hybrids can compete with.
Phase 5: Domestic speciation
Two avenues of development are available in this phase: creation of a domesticated population by intercrossing, and polyploidization applied to interspecific hybrids to regain fertility.
The creation of a domesticated population is based on the use of species that are sufficiently sexually compatible with one another to present few barriers to initial hybridization and subsequent intercossing of the hybrid progeny. If continued for 33 sufficient number of generations, the interbreeding population can become genetically isolated from the original species parents and can be considered truly domesticated. Leucospermum is the only genus that has progressed into this phase of development. The University of Hawaii have bred Leucospermum since the 1960's (Leonhardt et al., 2001) . The breeding program has reached the stage of producing new cultivars from crosses derived from multiple species. The population has not yet become distinct from the original wild species, but introduction of unselected wild species would require a few generations of intercrossing to regain the desired plant type. Selection criteria are vigour, aesthetic quality and novelty of the flower and resistance to disease, particularly Elsinoë corky bark disease.
The Protea diallel groups that form the basis of interspecific hybridization in phase 4 are the cornerstones of the development of such distinct domestic populations. The ultimate aim is to produce a larger population incorporating the bearded, spoon bract and small Protea species to maximize the exploitation of genetic variation. Leucadendron breeding could move into this phase if it is based on a small spectrum of species, but this would limit the exploitation of genetic variation for flowering time and aesthetic appearance.
Polyploidization is a useful tool to restore fertility to infertile F1 interspecific hybrids. It may be induced by the use of a variety of chemicals, or it can occur randomly through inaccuracies in the meiotic process. Initially one or more interspecific hybrids are polipoidized, usually from diploid to tetraploid. The resulting tetraploids can be backcrossed to diploid species to give triploid progeny that are generally sterile and again candidates for poplypoidization. If more than one tetraploid interspecific hybrid is produced, they can be intercossed so that breeding is continued at the tetraploid level. Triploids may also be backcrossed to tetraploids. Backcrossing to tetraploids would most likely result in sytabilization of the tetraploid chromosome number. Gladiolus is an excellent example of a floriculture crop that has become genetically isolated from the original wild species due to ploidy differences between domesticated types and the original wild species. Polyploidization has been attempted in Leucospermum, where the aim was to produce larger blooms, by using colchicine treatment of in vivo meristems (Brits, pers. comm.) . Non-chimeral tetraploid clones were obtained at a success rate of 0.1%. These were fertile with the diploid parental clones, and backcrossing resulted in infertile triploid plants. While the flowerhead of the tetraploid clones was larger, the growth habit of the shrubs was more branched, resulting in short stem lengths.
The advantage of breeding within this phase is that maximum variation can be exploited to develop new cultivars. Large numbers of progeny can be generated. Disease resistance or tolerance can be evaluated under field conditions, as the large numbers of seedlings increase the opportunity for obtaining the desired combination of genetic traits. However, the evaluation of selected clones for registration as cultivars becomes more important. The research emphasis changes from investigation of methods to produce new hybrids to methods of discriminating between selected genotypes. Selection of quantitative traits, such as yield and adaptation become increasingly important.
Phase 6: Control of single genes
Phase 6 focuses on the manipulation of specific traits. This can be by introgression of specific traits from one species into another by backcrossing, tagging of particular traits by means of molecular markers to assist with selection or introduction of new traits using transformation techniques.
Introgression requires that the recipient species and the donor are sufficiently cross compatible to produce an F 1 hybrid and that the F 1 hybrid is cross compatible with the parental species of the desired type. This is commonly used to transfer disease resistance genes from one species to a susceptible species, but is time consuming, requiring five or more backcrosses to recover the desired parental genotype. Introgression has not yet been used in Proteaceae due to the time required, and the lack of knowledge of the genetic 34 basis of individual characteristics, such as disease resistance.
DNA marker techniques to identify both Mendelian and quantitative genetic traits can be used to enhance the selection process during breeding (Lindhout, 1990) . The molecular marker can be identified that is linked to a desired allele, such as an allele conferring resistance to a fungal pathogen, and the inheritance of the marker is used to infer the inheritance of the allele of interest. The molecular method of choice used to identify the linked marker depends largely on the plant material being used, the repeatability and the cost of application (Weising et al., 1995) . Genetic markers in the Proteaceae would be very useful as a tool to trace disease and insect resistance genes in plants, as well as in cultivar fingerprinting. More information is required on the genes responsible for disease resistance and other traits, before such methods can be used.
The incorporation of one or more foreign genes into the plant genome through the use of a transformation techniques (Deroles et al., 1997) , such as Agrobacterium mediated transformation or the use of the biolistic (Hvoslef-Eide and Vik, 2000) can be used to incorporate new traits into a plant. The transformation of individual plants creates the opportunity for introduction of genes for flower color, plant form, disease and pest resistance, salt tolerance and any other trait that has a simple mode of inheritance. The major limitation is that successful application of most transformation techniques requires an efficient in vitro propagation method. In a woody plant such as the Proteaceae this does not look like a reality of the near future. However, electrophoretic methods (Griesbach, 1994 ) used on small plants may provide an opportunity for transformation in Proteaceae.
Concluding remarks
While it is academically interesting to delve into the reproduction biology of the Proteaceae and discuss the application of more refined breeding techniques, the only force driving further investigation is the economic validity of releasing new cultivars. The market size of the crop is probably insufficient to support more than one breeding program focussed on developing efficient breeding technology. Once the breeding technology has been developed, as in the case of Leucospermum, the breeding effort can continue at a much lesser cost. However, evaluation of the clonal selections from the breeding program needs to be conducted in the multiple production areas, probably worldwide to ensure sufficient income from protection of intellectual property to support the breeding effort.
